We demonstrate that any pure bipartite state of two qubits may be decomposed into a superposition of a maximally entangled state and an orthogonal factorizable one. Although there are many such decompositions, the weights of the two superposed states are, remarkably, unique.
that cannot be factored into states of the individual particles. Many measures of entanglement proposed in the past have relied on either the Schmidt decomposition [3] or decomposition in a 'magic basis' [4] . In this paper we devise a new measure of entanglement for pure bipartite states of two qubits. Our definition is based on a decomposition of the state vector as a superposition of a maximally entangled and a factorizable state vector. We discuss the connection between our definition of the degree of entanglement and several related concepts previously discussed in the literature, and demonstrate that these seemingly unconnected concepts are actually identical.
II. Definitions
A bipartite state 2 1
, is said to be factorizable if it can be factored into a product, 2 
which is of the form of Eq. (3). Reversing the values of a and b gives ( )
which, again, is of the form of Eq. (3). The parameters a and b are unique, whereas is a free parameter.
As an example, the state 
We may justify using E P as a measure of the degree of entanglement in another way.
Bell's inequality [5] tests the nonlocality of quantum mechanics that was challenged by Einstein, Podolsky, and Rosen (EPR) [6] . The form of Bell's inequality that has principally been put to the test is that due to Clauser, Horne, Shimony, and Holt (CHSH) [7] . Their formulation requires evaluating the following quantity for a bipartite state:
where c and c′ are two observables of the first particle and d and d ′ are two of the second, such that they all have a maximum absolute expected value of 1, and ( ) 
i.e., the maximum violation of the CHSH form of Bell's inequality for a pure state is limited by E P . 
IV. Previous Measures of Entanglement
, where the minimum is taken over the set of factorizable states. He shows, based on the Schmidt decomposition in Eq.
(2), that ( ) ). This definition thus differs conceptually from the definition we propose in Eq. (3), which projects the state simultaneously onto the set of maximally entangled and factorizable states.
9/17/01 7 C. Two-particle visibility Consider a two-particle interferometer [10] . A two-particle source in an unknown pure state emits one particle in the { } , respectively. Detectors register the singles rates, ( ) , v u P . The aim is to define a twoparticle visibility, 12 V , that is representative of the degree of entanglement of the source and that is analogous, at least in its formal definition, to the visibility of classical interferograms [11] .
Jaeger et al. [12, 13] define a 'corrected' coincidence probability,
, where A is a constant. They define the visibility as the ratio of the difference between the maximum and minimum values of ( ) U , and the sum. However, the definition of ( )
, as well as the choice of the value of A , is ad hoc.
In the conception presented here, the state at the output of 1 U and 2 U is written as
If we choose the phases of the elements of show that the choice of 1 U and 2 U that leads to the above condition is the same one that leads to the results provided in Refs. [12] and [13] , which were related to interferometric complementarities but not to the degree of entanglement. The authors in Ref. [13] found that 2 1 12 2 V = , so that the measurement of two-particle visibility is tantamount to a measurement of the degree of entanglement E P .
Note also that the visibilities of the singles rates (the one-particle visibilities) are all given by 2 1 E P − , so that in the context of our present construction, the complementarity of one-and two-particle visibilities [12, 13] follows immediately from the normalization of the state vector.
Another interesting conclusion emerges from the following considerations. The state e Ψ offers no welcher-weg (which-way) information about the two particles since each particle considered separately is in a maximally mixed state, whereas f Ψ provides definite welcherweg information about the two particles. Thus the complementarity of one-and two-particle visibilities is the two-particle counterpart of the well-known complementarity for a single particle: that of welcher-weg information and interference visibility. In Ref. [13] the authors noted the similarity between these two complementarity relationships. The significance of this similarity is now clear.
We conclude that the proposed decomposition of Eq. 
